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Background: New therapeutic options are urgently needed to tackle the novel coronavirus disease 2019
(COVID-19). Repurposing existing pharmaceuticals provides an immediate treatment opportunity. We assessed
the efficacy of sofosbuvir and daclatasvir with ribavirin for treating patients with COVID-19.

Methods: This was a single-centre, randomized controlled trial in adults with moderate COVID-19 admitted
to the Ghaem Shahr Razi Hospital in Mazandaran Province, Iran. Patients were randomly assigned to 400 mg
sofosbuvir, 60 mg daclatasvir and 1200 mg ribavirin (intervention group) or to standard care (control group).
The primary endpoint of this study was length of hospital stay. This study is registered by IRCT.ir under the ID:
IRCT20200328046886N1.

Results: Between 20 March 2020 and 8 April 2020, 48 patients were recruited; 24 patients were randomly
assigned to the intervention group and 24 to the control group. The median duration of hospital stay was 6 days
in both groups (P=0.398). The number of ICU admissions in the sofosbuvir/daclatasvir/ribavirin group was
not significantly lower than the control group (0 versus 4, P=0.109). There was no difference in the number
of deaths between the groups (0 versus 3, P=0.234). The cumulative incidence of recovery was higher in the
sofosbuvir/daclatasvir/ribavirin arm (Gray’s P=0.033).

Conclusions: This randomized trial was too small to make definitive conclusions. There were trends in favour of
the sofosbuvir/daclatasvir/ribavirin arm for recovery and lower death rates. However, there was an imbalance in
the baseline characteristics between the arms. Larger randomized trials should be conducted to investigate this
treatment further.

Introduction systems. The first confirmed case of the disease in Iran was
The novel coronavirus (COVID-19) epidemic, which began in early  reported from Qom city on 19 February 2020° and the disease has
December 2019 in Wuhan, Ching,™? has spread to most countries  now been confirmed in all provinces of the country. According to
in the world and has led to a catastrophic burden on healthcare  the WHO, confirmed cases to date (29 May 2020) exceeded

©The Author(s) 2020. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For permissions, please email: journals.permissions@oup.com.
10of6


http://orcid.org/0000-0001-5313-1133
http://orcid.org/0000-0002-8088-6723
https://academic.oup.com/

Abbaspour Kasgari et al.

146000 in Iran, with more than 7600 deaths.”* Unfortunately,
therapeutic options thought to be effective have been proven
otherwise one by one.” ® New options are needed urgently, but re-
quire time to develop. Repurposing existing pharmaceuticals pro-
vides an immediate treatment opportunity. Current trials include
remdesivir, hydroxychloroquine, chloroquine, favipiravir, lopinavir/
ritonavir and nitazoxanide;” however, with the possible exception
of remdesivir,®'° these drugs have not shown efficacy in treating
patients with COVID-19.

The once-daily combination of sofosbuvir and daclatasvir has
demonstrated success as treatment for HCV.*!? The combination
has since been added to the Essential Medicines List in 2015 and
has been made accessible worldwide in generic formulations.*?
A generic fixed dose combination of sofosbuvir and daclatasvir
(400/60 mg, respectively) is used to treat HCV in Iran and therefore
is a pragmatic candidate for trial against COVID-19.

Sofosbuvir has a broad antiviral spectrum including other mem-
bers of the Flaviviridae and Togaviridae families including yellow
fever,'* Zika,'> denque'® and chikungunya viruses.!’COVID-19 is
caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), a positive-sense RNA virus. SARS-CoV-2 shares a
similar replication mechanism with other RNA viruses, requiring
enzymes including RNA-dependent polymerase (RdRp), main pro-
tease (MP™), helicase and other non-structural proteins, which
therefore act as attractive targets to model antiviral drugs
against.'® In silico studies have predicted that sofosbuvir, daclatas-
vir and ribavirin may bind with high energy to the SARS-CoV-2 RdRp
enzyme and MP™ and inhibit their function.*®~?> Some in vitro stud-
ies did not find sofosbuvir or ribavirin to be effective at reducing
SARS-CoV-2-induced cellular death at feasible concentrations.?*2°
However, in a more recent in vitro study, the effects of sofosbuvir,
daclatasvir and ribavirin in inhibiting replication of infectious SARS-
CoV-2 virus particles were studied in three different cell lines.
Daclatasvir was consistently able to inhibit the virus in all tested
cell lines whilst sofosbuvir and ribavirin were less effective and only
worked in certain cell lines.?*

Sofosbuvir and daclatasvir have demonstrated good safety pro-
files with minimal drug interactions®’*® and may be an affordable
and widely available treatment option for COVID-19.%° We there-
fore conducted a randomized controlled trial in adult patients hos-
pitalized with COVID-19 in Ghaem Shahr Razi Hospital to evaluate
the efficacy and safety of sofosbuvir and daclatasvir in combin-
ation with ribavirin compared with standard care.

Methods
Study design and participants

This study was a single-centre, randomized clinical trial to evaluate the ef-
fectiveness of sofosbuvir/daclatasvir with ribavirin against controls who
received standard of care for COVID-19 at the time of the study. The study
population were patients suspected of having COVID-19 who were referred
to Ghaem Shahr Razi Hospital in Mazandaran Province between 20 March
2020 and 8 April 2020. Patients with initial symptoms of fever (oral tem-
perature >37.8°C at least once before enrolment) and/or cough, shortness
of breath and gastrointestinal symptoms were considered to be suspected
of having COVID-19. To confirm COVID-19 infection, a positive qualitative
RT-PCR for SARS-CoV-2 and/or features consistent with COVID-19 on a
chest CT scan was required.*® Cases of confirmed COVID-19 in the age
group of 18-80years were included. Only patients with moderate disease

on admission were included, which was defined as respiratory rate of
<24/min, arterial O, saturation of >94% and symptom onset <8 days prior
to admission, together with compatible findings in a chest CT scan.*®

Patients with multiorgan failure, active cancer, renal insufficiency
(creatine clearance less than 50 mL/min/1.73 m?), anaemia (haemoglobin
less than 9g/dL), pregnant women or men with a pregnant wife, and
patients treated with amiodarone, phenytoin, phenobarbital, rifabutin or
carbamazepine were excluded. All patients were required to provide written
informed consent prior to participation in the study.

Randomization and masking

Once patients fulfilled inclusion and exclusion criteria and signed the con-
sent form, they were randomly assigned to each treatment armin a 1:1
ratio by block randomization and a block size of 4. Sealed envelope
online software was used to randomize patients to the intervention and
control groups. The study was open label and patients and managing
physicians were not blind to patient allocation.

Procedures

After randomization, the intervention group received the combined single-
pill once-daily regimen of sofosbuvir/daclatasvir at a dose of 400/60 mg
(Sovodak, Fanavaran Rojan Mohaghegh Daru Co, Tehran, Iran) and ribavirin
600mg twice daily. The control group received hydroxychloroquine
(400 mg single dose) and lopinavir/ritonavir (400/100 mg twice daily), with
or without ribavirin (600 mg twice daily), according to the national recom-
mendation at the time of the study.

Clinical and laboratory monitoring

Demographic, clinical, radiological and laboratory data of patients were col-
lected at baseline.

Outcomes

The primary outcome of the study was length of hospital stay. Secondary
outcomes included the frequency of ICU admission, invasive mechanical
ventilation, duration of ICU admission, mechanical ventilation and, finally,
the frequency and time to recovery, defined as hospital discharge alive.

Statistical analysis

Reducing the length of hospital stay by 4 days was considered to be the
desired outcome of this study. At 90% power and a 4 day difference in hos-
pitalization length between the two groups, the calculated sample size
equalled 24 in each group (corrected for 10% attrition rate). The outcomes
of this study were analysed in the ITT population of randomized patients.

Comparison between the two groups was performed by a Mann-
Whitney U-test for continuous outcomes and Fisher’s exact test for cat-
egorical outcomes. Time to recovery was compared by graphically plotting
the cause-specific cumulative incidence functions (CIFs) by treatment
group; difference between groups was evaluated by Gray’s test for the
equality of CIFs. Adjustment for baseline characteristics was carried out
using Cox Proportional Hazards and competing risks regression models [see
Table S1 (available as Supplementary data at JAC Online)]. A P value was
considered statistically significant at the P<0.05 threshold. Statistical ana-
lysis was performed using STATA (version 16.0; StataCorp) and R software
(version 3.6.3; R Foundation).

Ethics approval

The study protocol was approved by the institutional review board and eth-
ics committee of Mazandaran University of Medical Sciences (approval
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number: IRMAZUMS.REC.1399.019). This study is registered by IRCT.ir
(ID: IRCT20200328046886N1), accessible at https://www.irct.ir/trial/46885.

Results

Between 20 March 2020 and 8 April 2020, 195 patients were
screened and 48 patients met the enrolment criteria and were
recruited and randomized to the intervention arm (n=24) or the
control arm (n=24, Figure 1). The median age (years) of partici-
pants in the sofosbuvir/daclatasvir group was 45 (IQR 38-69) and
in the control group was 60 (IQR 48-69). A total of 18 patients
were men (38%) versus 30 (63%) women (Table 1). Overall, 30
patients (63%) had existing comorbidities, which were most com-
monly diabetes and hypertension. The median time to admission
from symptom onset was 5days for both groups (IQR 4-5). The
age, sex and baseline characteristics were generally similar be-
tween the two groups (Table 1); however, the control arm was on
average 15 years older (P=0.158) and had higher rates of diabetes
(P=0.006) and slightly higher rates of hypertension (P=0.547).
Two of the control subjects received hydroxychloroquine alone;

the others received lopinavir/ritonavir either alone or in combin-
ation with hydroxychloroquine and, in one case, ribavirin.

The median length of hospitalization in the intervention group
and control group was the same (6 days). No patients in the inter-
vention group were admitted to ICU or required invasive mechan-
ical ventilation compared with four individuals in the control group.
No patients in the intervention group died compared with three in
the control group; however, these differences were not significant
(Table 2). The CIF for recovery by treatment arm is shown in
Figure 2. Median time to recovery was 6 days in both groups; how-
ever, the difference between the groups was significant (Gray’s
test P=0.033). After adjustment for potential baseline confound-
ers, the association between treatment group and time to recov-
ery was not significant (Table S1).

Discussion

This randomized trial found that the combination of sofosbuvir/
daclatasvir/ribavirin  compared with standard care showed
limited clinical improvement in moderate COVID-19 patients.

Patients Admitted with
Diagnosis of COVID-19: 195

Not meeting criteria: 147
Age <18 yror >80 yr: 7
Symptoms >8 days: 20
O, Saturation <94%: 57

A 4

v

Respiratory rate >24/min: 7
Hemoglobin <9 g/L: 14
Multiorgan failure: 20

Renal insufficiency: 10
Other: 12

Randomized: 48

Allocated to intervention arm: 24

N

Discontinued intervention: O
Died: 0

N

Finished study: 24

Figure 1. Trial profile.

Allocated to control arm: 24

A 4

Discontinued intervention: 0
Died: 3

A 4

Finished study: 21
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Table 1. Baseline characteristics of patients

SOF/DCV/RBV (n=24) Control (n=24) Pvalue
Male, n (%) 11 (46) 7(29) 0.371
Age (years), median (IQR) 45 (38-69) 60 (47.5-68.5) 0.158
Time from symptom onset (days), median (IQR) 5(3-5) 5(4-7) 0.457
Respiratory rate (/min), median (IQR) 20(18-22) 20 (18-22) 0.925
Temperature (°C), median (IQR) 37.0 (36.6-37.5) 37.5(36.9-37.8) 0.139
Comorbidities, n (%)
any 13 (54) 17 (71) 0.371
diabetes 4(17) 14 (58) 0.006
hypertension 7(29) 10 (42) 0.547
ischaemic heart disease 4(17) 7 (29) 0.494
COPD 1(4) 0(0) 1.000
Laboratory findings on admission, median (IQR)
arterial O, saturation (%) 5(95- 5) 5(95-96) 0.269
haemoglobin (g/dL) 2(11-13) 2(11-13) 0.765
WBCs (x10%/L) 4 (5.2-7.7) .2(5.9-9.2) 0.602
AST (U/L) 6 (16-36) 26 (19-35) 0.898
ALT (U/L) 1(15-39) 24 (15-35) 0.840
creatinine (mg/dL) 9(0.8-0.9) .9 (0.8-1.1) 0.522
ESR (mm/h) 7(27-67) 61 (37-120) 0.099
BUN (mg/dL) 9(20-37) 26 (19-35) 0.339
INR 3(1.2-1.4) 3(1.2-1.6) 0.567

SOF/DCV/RBV, sofosbuvir/daclatasvir/ribavirin; ESR, Erythrocyte Sedimentation Rate; BUN, Blood Urea Nitrogen; INR, International Normalized

Ratio.
Percentages are calculated from non-missing values.

P values are calculated using Fisher’s exact test for categorical outcomes and Mann-Whitney U-test for continuous outcomes.

Table 2. Clinical outcomes comparison between the two groups

SOF/DCV/RBV (n=24) Control (n=24) P value

Duration of hospitalization (days), median (IQR) 6 (5-7) 6 (5.5-7.5) 0.398
Final outcome, n (%)

recovery 24 (100) 21(88) 0.234

death 0(0) 3(13)
Time to recovery (days), median (IQR)® 6 (5-7) 6 (6-8) 0.033
Other outcomes

ICU admission, n (%) 0(0) 4(17) 0.109

duration (days), median (IQR) — 2.5(1.5-7)

invasive mechanical ventilation, n (%) 0(0) 4(17) 0.109

duration (days), median (IQR) — 2.5(1.5-7)

SOF/DCV/RBYV, sofosbuvir/daclatasvir/ribavirin.

P values are calculated using Fisher’s exact test for categorical outcomes and Mann-Whitney U-test for continuous outcomes.
9Estimated from the CIF, accounting for death as a competing risk; P value is for Gray’s test for the equality of CIFs.

Sofosbuvir/daclatasvir/ribavirin did not reduce the duration of hos-
pitalization, but cumulative incidence of recovery was higher in the
sofosbuvir/daclatasvir/ribavirin group compared with the control
group. Fewer ICU admissions and deaths were observed in the
sofosbuvir/daclatasvir/ribavirin arm; however, these differences
were not significant.

To our knowledge, this is the first clinical trial of sofosbuvir/
daclatasvir/ribavirin in COVID-19 patients; however, there are

limitations to our study. The median age was higher in the control
arm and there were more patients with diabetes in the control
arm. In a sensitivity analysis, we adjusted our results for observed
baseline imbalance; however, the interpretation of these models is
limited due to the small sample size and possible error margin.
Most importantly, the number of patients was not high enough to
identify probable beneficial effects on survival. A larger study
would be required in order to prove such an effect. We also

4 of 6



Sofosbuvir/daclatasvir/ribavirin for COVID-19

0.9
0.8
—— Control

0.7

0.6 - = = SOF/DCV/RBV :

0.5

0.4

0.3

Probability of discharge alive

0.2

0.1

0 2 4 6

Days in hospital

Figure 2. Cumulative incidence of recovery by treatment arm. SOF/DCV/RBV, sofosbuvir/daclatasvir/ribavirin.

excluded elderly subjects, who have higher mortality and might
have benefited more from sofosbuvir/daclatasvir/ribavirin. It
would be interesting to see the effects of sofosbuvir/daclatasvir
plus/minus ribavirin in more advanced cases and in elderly
patients.

Another limitation of our study is lack of blinding.
Unfortunately, due to the urgent situation imposed by COVID-19, it
was not possible to prepare a suitable placebo in time. Whilst we
found clinical improvement benefits, we were not able to analyse
biological markers of improvement as we did not measure viral
decay nor serological inflammatory markers over time, which
would both be helpful data to demonstrate effective antiviral
therapy.

In this trial of 24 patients per arm, there was no statistically sig-
nificant difference in length of hospital stay between the arms.
However, the sample size could be too small to make reliable con-
clusions. We are also not able to clearly identify from this study
whether the benefits found in terms of clinical improvement and
cumulative incidence of recovery were directly from the effects of
sofosbuvir or daclatasvir or ribavirin or due to a synergistic effect of
the combination of all three antivirals. In vitro models have shown
a synergistic effect when combining other antivirals against
COVID-19.%* Another study in China has shown that the combin-
ation of ribavirin with lopinavir/ritonavir and interferon p-1 to-
gether is superior to lopinavir/ritonavir alone in COVID-19.3

There are seven more trials registered in https://www.irct.ir/
working on sofosbuvir-containing regimens in COVID-19 and vari-
ous others studies around the world include ribavirin-containing
regimens. We are aware that in at least five of these sofosbuvir-
containing trials in Iran, data collection has finished. If the cumula-
tive results of these trials indicate beneficial effect, it is well advised

that a larger trial be performed on this subject. A large trial could
identify the effects on mild, moderate and severe cases in elderly
patients and the effects on survival and hospital stay.

If sofosbuvir/daclatasvir is proven to be effective against
COVID-19, given that both are widely available in generic formu-
lations, costing an estimated $5 per 14 day course or only $0.39
per day as a combination, sofosbuvir/daclatasvir may be an
affordable and accessible treatment option for COVID-19.2° The
promising results of this small sample warrant further trials into
the effectiveness of sofosbuvir and daclatasvir for the treatment
of COVID-19.
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